G eneral internists need to be able to recognize community-acquired pneumonia (CAP) so that diagnostic and therapeutic interventions can be initiated promptly. It is also important to understand the most likely and possible causes of CAP so that appropriate initial antimicrobial therapy can be chosen. Especially during flu season, influenza can present as CAP and should be included in the differential diagnosis.
When managing a patient with CAP, the internist must decide which level of care, diagnostic tests, antimicrobial agents, and followup plans are needed. These topics will be reviewed in this article.
■ TWO TERMS TO REMEMBER
• CAP refers to pneumonia acquired outside a health care facility. It can be either bacterial or viral.
• CABP (community-acquired bacterial pneumonia) refers only to those cases caused by bacterial pathogens.
■ NUMBERS AND TRENDS
In the United States, CAP is the number-one cause of death from infection and the sixth leading cause of death overall. 1 Each year, it is responsible for about 4.2 million outpatient visits, more than 60,000 deaths, and more than $17 billion in health care expenses.
Among the general population, risk factors for developing CABP also include smoking, occupational dust exposure, history of childhood pneumonia, unemployment, and single marital status. 9 The incidence of CABP does not appear to be higher among pregnant women, although it is the most frequent cause of nonobstetric death in this population. 10 The use of proton pump inhibitors may be an emerging risk factor for CABP. 11 Also, use of nonsteroidal anti-inflammatory drugs among patients with CABP is associated with a blunted inflammatory response as well as a higher risk of pleuropulmonary complications and a delay in presentation.
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Influenza is also common, potentially severe Influenza is also very common and potentially severe. It can cause a spectrum of disease, from mild upper respiratory tract symptoms to severe viral pneumonia that can be life-threatening and complicated by respiratory failure and the acute respiratory distress syndrome (ARDS).
Influenza infection can also be complicated by subsequent bacterial pneumonia. However, the epidemiology of influenza infection differs from that of CABP in that influenza occurs seasonally.
In the United States, seasonal influenza causes 36,000 deaths and 200,000 hospitalizations annually. 13, 14 As with CABP, the risk of death from influenza increases with age: it is 16 times greater in people age 85 and older than in those ages 65 to 69. 13 During yearly seasonal epidemics, those at the highest risk of hospitalization and death are at the extremes of age. Risk factors for complicated influenza include heart disease, lung disease, diabetes, renal failure, rheumatologic conditions, dementia, and neurologic disease. 15, 16 During the 2009 H1N1 influenza pandemic, unexpected severity was seen in previously healthy young adults as well as those with obesity, neurodegenerative disease, pregnancy, and asthma. 17 
■ PATHOGENS: TyPICAl, ATyPICAl, vIRAl
Identifying the etiologic organism in CAP is confounded by limitations in the available diagnostic tests and also by poor-quality specimens that often are contaminated with bacteria that colonize the upper airways. Given these caveats, the primary pathogens responsible for CAP broadly include typical bacterial pathogens, atypical bacterial pathogens, and viruses.
Typical bacterial pathogens include Streptococcus pneumoniae, Haemophilus influenzae, Staphylococcus aureus, Moraxella catarrhalis, and, less commonly, a variety of aerobic and anaerobic gram-negative rods including Pseudomonas aeruginosa, Acinetobacter species, and Klebsiella pneumoniae.
Atypical bacterial pathogens include Mycoplasma pneumoniae, Chlamydia pneumoniae, and Legionella species.
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Viruses implicated in adult CAP include influenza A and B, parainfluenza viruses, respiratory syncytial virus, and adenovirus. 19 More recently, human metapneumovirus has been described as a cause of adult CAP. 
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Clues to uncommon microbes
■ HOW BACTERIA INvADE THE lUNGS
The pathophysiology of CABP involves both host defense and microbial virulence factors.
The airways are most commonly exposed to microbes by microaspiration of upper airway flora, although hematogenous seeding of the lungs in a bacteremic patient or contiguous spread of infection from an adjacent site can also occur.
Mucociliary clearance and the cough reflex are important initial defenses against infection and can be inhibited by neurologic diseases and conditions that impair the mucociliary mechanism. Mucosal immune cells, including macrophages and neutrophils, recognize invading pathogens and generate an antibody response.
Regulation of the host inflammatory response to infection depends on a complex interaction between immune cells, inflammatory cytokines (eg, tumor necrosis factor alpha, interleukin 1-beta, and interleukin 6), and anti-inflammatory cytokines such as interleukin 1 receptor antagonist and soluble tumor necrosis factor receptor type I. 22 The interaction and timing of the inflammatory and anti-inflammatory response are essential in manifesting an appropriate host response to infection. An inadequate inflammatory response can lead to sepsis and death, but an excessive, late anti-inflammatory response can lead to a systemic inflammatory response such as ARDS. Polymorphisms within the genes coding for these factors may explain the variation in severity of illness among patients with CABP. 23 
■ HOW INflUENzA DOES ITS DAMAGE
There are three types of influenza virus: A, B, and C. Type A causes most human infections. The influenza A virus envelope comprises a lipid bilayer that contains the projecting glycoproteins hemagglutinin and neuraminidase. Influenza viruses are named on the basis of these proteins and are designated with an H and an N, respectively, each followed by a number referring to the subtype.
Influenza infection begins when the virus makes contact with the epithelium. Hemagglutinin binds to the host cell and allows viral entry, where it begins replication. Neuraminidase prevents viral aggregation and facilitates the release of virus from infected cells. 24 Mature virions are released and spread to neighboring host cells; this process is associated with desquamation and inflammation of the airways, causing cough, rhinorrhea, and sore throat. Systemic symptoms are associated with the induction of interferon, which causes fever and myalgia. 25 Recovery and immunity to influenza infection occurs through both humoral and cellmediated immunity, with antibodies directed against the specific hemagglutinin and neuraminidase antigens of the infecting virus. Immunity wanes over time and with antigenic drift of circulating viruses, making the host susceptible to recurrent influenza infection.
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Influenza is often complicated by bacterial superinfection
The influenza virus acts synergistically with certain bacteria to increase infectivity, and this may explain why influenza is often complicated by bacterial superinfection.
Mechanisms leading to bacterial superinfection include increased binding and invaTypical pathogens in CAP: S pneumoniae, H influenzae, S aureus, M catarrhalis sion of bacteria, increased viral replication, and modification of the host inflammatory response. Some S aureus strains produce a protease that directly activates influenza virus hemagglutinin; other bacteria can activate plasminogen to promote influenza replication. The resulting increase in proteases in host tissues promotes activation of influenza through cleavage of hemagglutinin. 26 The influenza virus also causes damage to the airway epithelial layer, leading to increased exposure of the binding sites necessary for adherence of S pneumoniae.
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■ ClINICAl PRESENTATION Of COMMUNITy-ACqUIRED PNEUMONIA Although CAP is common, agreement on its essential clinical signs and symptoms is surprisingly limited, due in part to heterogeneous patient presentations and in part to interobserver variability. The reader is referred to two excellent reviews on this topic.
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The diagnosis of CAP is made on clinical grounds, based on a combination of signs and symptoms. Symptoms of pneumonia can include cough, fever, chills, sputum production, dyspnea, and pleuritic pain. Physical findings can include tachypnea, tachycardia, hypoxemia, and consolidation or rales on auscultation. Laboratory data may show leukocytosis or elevated C-reactive protein, and radiographic studies may show evidence of a new infiltrate. 21, 30, 31 Clinical presentation of influenza Seasonal influenza as a cause of CAP is difficult to distinguish from bacterial causes. The clinical presentation of seasonal influenza most commonly includes fever or subjective feverishness, cough, myalgia, and weakness. 32 In a recent multivariate analysis, five clinical features were shown to be predictive of pandemic H1N1 influenza pneumonia rather than CABP: age younger than 65 years, absence of confusion, white blood cell count less than 12 × 10 9 /L, temperature higher than 38°C (100.4°F), and bilateral opacities on radiography. 32, 33 Complicated influenza infection can be either primary viral pneumonia or bacterial superinfection.
During the 1918 influenza pandemic, which predated the ability to isolate viruses, two clinical syndromes emerged: an ARDS associated with the rapid onset of cyanosis, delirium, and frothy blood-tinged sputum; and an acute bronchopneumonia characterized by necrosis, hemorrhage, edema, and vasculitis. 34, 35 The first syndrome has subsequently been shown to be associated with primary viral pneumonia, while the second is caused by bacterial superinfection. Modern reexamination of 1918 data has shown that bacterial superinfection was likely the reason for the distinctly fulminant presentation of that pandemic. 36, 37 The 2009 H1N1 influenza pandemic caused relatively mild disease in most patients. However, those with severe pneumonia more commonly developed ARDS from primary influenza pneumonia than from bacterial superinfection. 17 A third influenza-associated infection is secondary bacterial pneumonia, which follows influenza infection and mimics the presentation of CABP. A typical patient presents with a recent history of influenza-like illness, followed 4 to 14 days later by a recurrence of fever, dyspnea, productive cough, and consolidation on chest radiographs. 38 Leukocytosis with an increased number of immature neutrophil forms, prolonged duration of fever, and elevated erythrocyte sedimentation rate are more likely in patients with secondary bacterial pneumonia. 39 Isolates from sputum samples commonly include S pneumoniae, S aureus, H influenzae, and other gram-negative rods. 40 In recent flu seasons, methicillin-resistant S aureus (MRSA) has emerged as a cause of severe secondary pneumonia. Most of these isolates carry genes for the toxin Panton-Valentine leukocidin; the associated mortality rate is as high as 33%. 41, 42 Although communityacquired MRSA pneumonia has only been reported in case series, distinct clinical features that have been described include severe pneumonia with high fever, hypotension, shock, respiratory failure, leukopenia, and multilobar and cavitary infiltrates. 43 
■ WHEN TO SUSPECT INflUENzA
The triad of fever, cough, and abrupt onset are the best predictors of influenza, but no single combination of signs and symptoms predict inAlthough CAP is common, agreement on its essential clinical signs and symptoms is surprisingly limited HAESSlER AND SCHImmEl fluenza infection with 100% certainty. Therefore, an understanding of local epidemiologic data regarding circulating influenza is essential to maintain a high index of suspicion.
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It is appropriate to suspect influenza in:
• Anyone who is epidemiologically linked to a known outbreak of influenza • Children, adults, and health care workers who have fever and abrupt onset of respiratory symptoms • Patients with fever plus exacerbation of underlying pulmonary disease • Severely ill patients with fever or hypothermia, especially during influenza season. 45 
■ DIAGNOSTIC TESTING
Once the diagnosis of pulmonary infection is suggested by clinical features, the initial evaluation should include measurement of vital signs, physical examination, and radiographic imaging of the chest. Additional diagnostic measures to consider include viral testing, blood culture, sputum culture, urinary antigen testing for Legionella and for S pneumoniae, fungal culture, and mycobacterial smear and culture.
Chest radiography (with posterior-anterior and lateral films) is the study that usually demonstrates the presence of a pulmonary infiltrate. If initial chest radiographs do not show an infiltrate, imaging can be repeated after treatment is started if the patient's clinical presentation still suggests pneumonia. Chest radiographs are of limited value in predicting the pathogen, but they help to determine the extent of pneumonia and to detect parapneumonic effusion. 46 A caveat: anterior-posterior, posterior-anterior, and lateral views can miss more than 10% of effusions large enough to warrant thoracentesis, especially when there is lower-lobe consolidation.
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Blood cultures are recommended for patients admitted to the intensive care unit and for those with cavitary infiltrates, leukopenia, alcohol abuse, severe liver disease, asplenia, positive pneumococcal urinary antigen testing, or a pleural effusion. 21 However, blood cultures are positive in only 3% to 14% of hospitalized patients with CABP, and the impact of a positive blood culture on management decisions in CABP appears to be quite small. [48] [49] [50] For the highest yield, blood culture results should be obtained before antibiotics are given. Not only is this good practice, but obtaining blood culture results before starting antibiotics is one of the quality measures evaluated by the Center for Medicare and Medicaid Services.
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Sputum culture is considered optional for outpatients and patients with less-severe pneumonia. 21 While it can provide a rapid diagnosis in certain cases, a good-quality sputum sample is obtained in only 39% to 54% of patients with CABP, yields a predominant morphotype in only 45% of cases, and provides a useful microbiologic diagnosis in only 14.4%. 52, 53 Fungal and mycobacterial cultures are only indicated in certain situations such as cavitary infiltrates or immunosuppression.
Urinary antigen testing for Legionella and S pneumoniae should be done in patients with more severe illness and in those for whom outpatient therapy has failed. 21 S pneumoniae testing has been shown to allow early diagnosis of pneumococcal pneumonia in 26% more patients than with Gram staining, but it fails to identify 22% of the rapid diagnoses initially identified by Gram staining. 54 Thus, a sequential approach is reasonable, with urinary antigen testing for patients at high risk without useful results from sputum Gram staining. Also, recent data suggest that the pneumococcal urinary antigen test may allow optimization of antimicrobial therapy with good clinical outcomes. 55 Endotracheal tests. If the patient is intubated, collection of endotracheal aspirates, bronchoscopy, or nonbronchoscopic bronchial lavage (sometimes called "mini-BAL") should be performed.
Thoracentesis and pleural fluid cultures should be done if a pleural effusion is found. Empyema, large or loculated effusions, and parapneumonic effusions with a pH lower than 7.20, glucose levels less than 3.4 mmol/L (60 mg/dL), or positive results on microbial staining or culture should be drained by chest tube or surgically.
56
Testing for influenza should be done if it will change the clinical management, such as the choice of antibiotic or infection control practices. Specimens should be obtained with either a nasopharyngeal swab or aspirate and tested with reverse transcriptase polymerase
In recent flu seasons, mRSA has emerged as a cause of severe secondary pneumonia Inflammatory biomarkers such as C-reactive protein and procalcitonin have been receiving interest as ways to predict the etiology and prognosis of CAP and to guide therapy. Several studies have shown that C-reactive protein can help distinguish between CAP and bronchitis, with higher values suggesting more severe pneumonia and pneumonia caused by S pneumoniae or L pneumophila. 57 Procalcitonin may help discriminate between severe lower respiratory tract infections of bacterial and 2009 H1N1 origin, although less effectively than C-reactive protein. Low procalcitonin values, particularly when combined with low C-reactive protein levels, suggest that bacterial infection is unlikely. 58 
■ RISk STRATIfICATION AND SITE-Of-CARE DECISIONS
Following a presumptive diagnosis of CAP, it is important to decide not only what treatment the patient will receive but whether he or she should be hospitalized. If the patient is to be admitted to the hospital, the clinician must also decide if his or her condition warrants intensive care.
Severity-of-illness scores
Several severity-of-illness scores and prognostic models have been validated for use in deciding on inpatient vs outpatient treatment and to aid in the decision of whether a patient with pneumonia should be admitted to an intensive care unit. The most extensively studied and widely used scoring systems are the Pneumonia Severity Index (PSI) (TABLE 1) 59 and the CURB-65 (FIGURE 1).
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The PSI is the more complicated of the two, as it is based on 19 variables. Online calculators are available for the PSI (http:// pda.ahrq.gov/clinic/psi/psicalc.asp) and the CURB-65 (http://www.mdcalc.com/curb-65-severity-score-community-acquiredpneumonia).
A recent meta-analysis compared the performance characteristics of the PSI and CURB-65 scores for predicting mortality in CAP and found no significant differences in HAESSlER AND SCHImmEl overall test performance. 61 Another meta-analysis found that the PSI was more sensitive than the CURB-65 and had a low false-negative rate, and so was better at showing which patients do not need to be hospitalized. Conversely, the CURB-65 was more specific and had a higher positive predictive value, and thus was more likely to correctly classify high-risk patients. 62 Other scoring systems that aid in deciding about hospital admission and level of care include the CRB-65 63 (which can be used instead of the CURB-65 if laboratory values are not available), SMART-COP, 64 and SCAP.
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Guidelines on when to admit to the intensive care unit Guidelines from the Infectious Diseases Society of America (IDSA) and the American Thoracic Society (ATS) also provide guidance on when intensive care admission is advised, 21 and their criteria were recently validated. 66 The guidelines advocate direct admission to the intensive care unit for patients requiring vasopressors or mechanical ventilation, and intensive care unit or high-level monitoring for patients with three of the following criteria for severe CAP None of these scoring systems or criteria is meant to replace clinical judgment. A recent study has suggested that an oxygen saturation of less than 92% is an appropriate threshold for hospital admission, in view of higher rates of adverse events in outpatients with saturations below this value. 67 
■ TREATMENT
Multiple studies have shown that treatment of CAP in accordance with guidelines has led to improved clinical outcomes.
21,68-70
How fast must antibiotics be started? Based on studies that showed a lower mortality rate when antibiotics were started sooner, Medicare and Medicaid adopted a quality measure calling for starting antibiotics within 4 hours in patients being admitted to the hospital. 50, 71 However, several subsequent studies showed that the diagnosis of pneumonia is often incorrect and that rapid administration of antibiotics could lead to misdiagnosis, overuse of antibiotics, and a higher risk of Clostridium difficile infection. 72, 73 The current IDSA/ATS guidelines 21 recommend that the first antibiotic dose be given while the patient is still in the emergency department, but do not give a specific time within which it should be given. Medicare and Medicaid later updated their quality measure to antibiotic administration within 6 hours.
Which antibiotics should be used?
The selection of antimicrobial agent depends upon the patient's severity of illness and comorbid conditions.
Although most studies of combination antibiotic therapy have been retrospective and observational, they suggest that a macrolide (ie, one of the "mycins") added to a beta-lactam antibiotic is beneficial, possibly by covering atypical organisms or via anti-inflammatory action. [74] [75] [76] The choice of one antibiotic over another appears to be less important, and a recent Cochrane review concluded that there was no significant difference in efficacy among five antibiotic pairs studied. If a specific microbiologic diagnosis is made, then treatment can be narrowed. However in certain cases, such as invasive pneumococcal infection, combination therapy may still be superior. 80, 81 For patients who need intensive care, treatment should always include a beta-lactam plus either azithromycin or a respiratory fluoroquinolone. 21 In certain situations, additional antibiotics may be added as well, such as agents to treat Pseudomonas, community-acquired MRSA, or both.
Switching to oral therapy; short-course therapy
In the interest of avoiding unnecessary antibiotics, numerous studies have addressed the isNone of these scoring systems or criteria is meant to replace clinical judgment HAESSlER AND SCHImmEl sue of an "early switch" to oral antibiotics and "short-course" therapy for CAP. In general, once clinically stable, patients with CAP, including bacteremic S pneumoniae pneumonia, can be safely switched to oral antibiotics. 82 The issue of short-course therapy is more complicated, and the appropriate length of therapy for CAP is not well established. However, 5 days of levofloxacin 750 mg was shown to be as successful as 7 to 10 days of levofloxacin 500 mg. 83 In another study, in patients who improved after 3 days of intravenous therapy for CAP, there was no difference in clinical outcome between those who were changed to oral therapy for 5 more days and those who received an oral placebo. 84 Most patients who achieve clinical stability in the first week do not need prolonged antibiotic therapy. However, certain conditions, such as S aureus bacteremic pneumonia, complicated pneumonia, and pneumonia due to unusual organisms, may require prolonged treatment.
Other therapies
Additional therapies studied in patients with pneumonia include early mobilization, adjunctive corticosteroids, and statin drugs.
Early mobilization was shown in one study to decrease hospital length of stay without increasing adverse effects.
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Corticosteroids are not supported as a standard of care for patients with severe CAP according to current available studies. 86, 87 Furthermore, a randomized, controlled trial showed that prednisolone daily for a week did not improve outcomes in hospitalized patients with CAP, and it was associated with increased late failure.
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Statin trials under way. Several observational studies have suggested that statins might be beneficial in managing sepsis through their effects on endothelial cell function, antioxidant effects, anti-inflammatory effects, and immunomodulatory effects. 89 However, a recent large prospective multicenter cohort study of hospitalized patients with CAP did not find evidence of a protective effect of statins on clinically meaningful outcomes in CAP or significant differences in circulating biomarkers. 90 Several randomized trials of statin therapy in patients with both ventilator-associated pneumonia and CAP are under way.
■ INflUENzA TREATMENT: MOST EffECTIvE WITHIN 48 HOURS
Treatment with antiviral drugs is most effective if started within 48 hours after symptom onset, although some patients with confirmed influenza who are either not improving or who are critically ill may still benefit from treatment started later. Treatment should be considered in patients with laboratory-confirmed or suspected influenza who are at risk of developing complicated influenza and in otherwise healthy patients who wish to reduce the duration of illness or who have close contact with patients who are at high risk of complications.
Antiviral medications are oseltamivir (Tamiflu), zanamivir (Relenza), and the adamantines amantadine (Symmetrel) and rimantadine (Flumadine).
Due to evolving viral resistance patterns, the choice of antiviral drug depends on the strain. Seasonal H1N1 is best treated with zanamivir or an adamantine, while pandemic 2009 H1N1 and H3N2 are best treated with zanamivir or oseltamivir. When strain typing is not available, empiric therapy should be with either zanamivir monotherapy or a combination of oseltamivir plus rimantadine. Influenza B viruses are resistant to adamantines and should be treated only with either zanamivir or oseltamivir. 45 
■ fOllOW-UP AND PREvENTION
Patients with CAP can generally be expected to improve within 3 to 7 days. 91 However, it may be several weeks before they return to baseline.
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Follow-up plans may be guided by the time to clinical stability. For patients who do not achieve clinical stability until more than 72 hours after admission, more aggressive follow-up on discharge is indicated, since they are more likely to experience early readmission and death. 
